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Abstract—Most of the space applications require high gain beam 
scanning antennas. Reflector antennas are the most common type 
of antennas used for these applications. This work provides a 
novel design of planar reflector to be used in reflectarray antenna 
design with multi-state frequency switchable characteristics. 
Different configurations of slot embedded resonant patch 
elements have been proposed and multiple PIN diodes have been 
used in ON and OFF states to obtain frequency switching at 
different points. The design has been demonstrated to be 
operating in X-band frequency range where frequency tunability 
from 9.63 GHz to 8.10 GHz has been demonstrated using 
combination of rectangular slots and PIN diodes. Moreover the 
design provides 2n different states of diode switching (n is 
number of diodes) which can be used to obtain different resonant 
frequencies of planar reflectors. The frequency tunability and 
loss characteristics have been investigated which are affected by 
the electric field intensity and surface current density on the 
resonant patch elements of planar reflectors.   
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I.  INTRODUCTION  
The selection of a particular type of antenna for beam 
scanning application is mainly driven by scan volume, scan 
rate and cost. In order to meet high gain requirements, huge 
parabolic reflectors are needed to be designed. The mechanical 
movement of these huge reflector antennas for beam scanning 
decreases their scan rate. Therefore parabolic reflectors are 
usually applied where slower scan rates are sufficient and 
mechanical scanning suffices, and/or a very high gain 
(electrically large) aperture is required, and/or the required scan 
volume is limited [1]. On the other hand, because of electronic 
scanning, the phased arrays can have higher scan rates and scan 
volume. However their cost prohibits their use in many 
applications. 
To overcome these limitations a light weight, low cost and 
planar reflector antenna known as reflectarray antenna has been 
proposed. The two main components of a reflectarray antenna 
are the feed antenna and the planar reflector. Reflectarray feed 
can be located in the centre or at an off-set position. The feed 
antenna used is based on the same technology as the feed horn 
used in parabolic reflectors while the planar reflector consists 
of a number of resonant elements, where the reflected phase 
from each of the resonant element can be controlled. Hence the 
reflected beam can be directed in the desired direction which 
makes a reflectarray capable of achieving a wide-angle 
electronic beam scanning provided they are equipped with 
active components [2]. Such beam forming approach can have 
many advantages over traditional tunable antenna array 
architectures, including a major reduction in hardware required 
per element and increased efficiency [3, 4]. There have been a 
considerable research in beam steering reflectarray antenna 
design such as the integration of Radio Frequency Micro 
Electro Mechanical Systems (RF MEMS) as switches in order 
to control the contributed phase swing from each element [5, 
6], loading varactor diodes with the patch elements and varying 
the varactor capacitance by using various biasing [7, 8] and 
using aperture coupled elements where the tuning circuit can 
be located on the non resonating surface of the element [9]. 
The uses of PIN diodes have also been demonstrated for 
reconfigurable reflectarray antenna design with reduced 
complexity [10, 11]. 
This work provides a technique to design multi-state 
frequency switchable planar reflector using slot embedded 
patch elements and PIN diodes. Slot embedded patch elements 
have been demonstrated to provide a number of performance 
improvements in reflectarray antennas [12, 13]. On the other 
hand the easy switching of Pin diodes from ON and OFF state 
varies the resonant characteristics of resonant element and 
provides feasibility of designing electronically reconfigurable 
reflectarray antennas.  
II. MULTI-STATE  FREQUENCY SWITCHABLE PLANAR 
REFLECTORS  
The study of different slot configurations integrated with 
the PIN diodes provided a feasibility to design frequency 
switchable planar reflectors with many performance 
improvements [8, 10]. In order to further explore the possibility 
of frequency switchable planar reflector design using slot 
embedded patch configurations, different slot configurations 
have been proposed in this work. The increased number of 
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slots provides an option to use multiple diodes and hence 
provides the freedom to create multiple states by utilizing 
different combinations of the ON and OFF states of individual 
PIN diode. This switching of states of PIN diodes allows the 
planar reflector to operate at different switchable frequencies. 
Different possible combinations of slots and PIN diodes are 
discussed in this section. 
A. Rectangular slots in centre and along length with three 
pin diodes 
In this design three rectangular slots have been embedded 
on the surface of the patch element designed in the X-band 
frequency range. One horizontal rectangular slot in the centre 
of the patch and two vertical rectangular slots have been 
embedded along the length of the patch elements. The slots 
along the length have more significant effect as compared to 
the slots along width of the patch element because of the fact 
that maximum surface current occurs in the centre of the patch 
element and current modification can be done more effectively 
at these positions. Each slot has been integrated with an APD 
0805-000 PIN diode for frequency switching. Therefore, n 
number of slots carries n number of diodes which allows 2n 
different diode switching states. In the design proposed here, 
n=3 which allows 8 different switching states of PIN diodes. 
Figure 4.52 shows a unit cell planar reflector element with the 
proposed patch and slots configurations integrated with PIN 
diodes, designed on 0.508mm thick Rogers RT/d dielectric 
substrate.  
The three PIN diodes shown in Figure 1 being integrated 
with three rectangular slots has been utilized to achieve 8 
different switching states and the effect of each combination 
has been observed in terms of frequency tunability and 
dynamic phase range performance of planar reflectors. Figure 2 
shows reflection loss curves for different states of PIN diode 
combinations incorporated with slot embedded patch elements 
designed in X-band frequency range. In this work ‘0’ and ‘1’ 
have been used to represent the OFF and On state of the PIN 
diode respectively.  
It can be observed from Figure 2 that the resonant 
frequency and reflection loss of the planar reflector changes by 
changing different states of PIN diodes. The reflection loss is 
minimum in the case when all the three diodes are in OFF state 
(0-0-0) and it is maximum in the case when all the three diodes 
are in ON state (1-1-1). This is because in the ON state, the 
PIN diodes add up an extra resistance which causes and extra 
loss in the planar reflector design.  
Figure 3 shows reflection phase curves for different 
combinations of PIN diode states integrated with slot 
embedded patch elements. As in the case of reflection loss 
curves, a significant change in resonant frequency can also be 
observed from reflection phase curves. Moreover it can also be 
observed from Figure 2 and Figure 3 that due to exact 
symmetry of the unit cell design, some of the states provide 
same results in terms of resonant frequency and reflection loss. 
State 0-1-0 and 1-1-1 provides unique results in terms of 
reflection characteristics and resonant frequency because they 
do not possess design symmetry with any other state. 
 
Figure 1. Unit cell planar reflector with three rectangular slots and three PIN 
diodes (W = 10mm, L = 9.4mm, Wo = 5mm,  Ls = 3mm) 
 
Figure 2. Reflection loss curves for different states of PIN diodes 
 
 
 
Figure 3. Reflection phase curves for different states of PIN diodes 
 
On the other hand, 0-0-0 and 1-0-1 provides same results in 
terms of resonant frequency but different results in terms of 
reflection loss because the diodes on the sides effects on the 
resistance of the reflector due to their ON state characteristics. 
Furthermore states 0-0-1 and 0-1-1 exhibits exact design 
symmetry with states 1-0-0 and 1-1-0 respectively giving only 
two different switching states. Therefore a total of five 
significantly different frequency switching states can be 
achieved by using the proposed configuration.   
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TABLE I.  RESONANT FREQUENCY AND REFLECTION LOSS FOR 
DIFFERENT PIN DIODE STATES 
Diode Operation 
State 
Resonant 
Frequency 
(GHz) 
Reflection 
Loss 
(dB) 
0-0-0 9.35 -0.40 
0-0-1 9.57 -0.58 
0-1-0 8.96 -0.88 
0-1-1 8.62 -1.40 
1-0-0 9.63 -0.60 
1-0-1 9.35 -0.70 
1-1-0 8.62 -1.40 
1-1-1 8.10 -2.15 
 
 
Figure 4. Electric field intensity and surface current density for different PIN 
diode states 
 
Table 1 shows a summary of the results obtained for 
different states of PIN diode configurations in terms of 
reflection loss and resonant frequency. It can be observed from 
Table 1 that the resonant frequency changed from 9.63 GHz for 
state 1-0-0 to 8.10 GHz for state 1-1-1 while the reflection loss 
varied from 0.40 dB for state 0-0-0 to 2.15 dB for state 1-1-1.  
In order to further investigate the effect of different PIN 
diode state combinations, electric field intensity and surface 
current density has also been observed. Figure 4 shows electric 
field intensity and surface current density for different states of 
PIN diodes. In Figure 4, the states from 0-0-0 to 1-1-1 are 
considered as binary numbers and are converted to decimal 
from 0 to 7 respectively for the ease of representation. It can be 
observed from Figure 4 that electric field intensity decreases 
from 5.55E04 V/m to 1.45E04V/m  and surface current density 
decreases from 955 A/m to 77.6 A/m for different states of PIN 
diodes combinations. If Figure 4 and Figure 2 are compared, it 
can be observed that the reflection loss is maximum where E 
and I are minimum while the reflection loss is minimum where 
E and I are maximum. This is due to the fact that the decrease 
in electric field intensity has the effect of increasing the 
dielectric constant. Consequently the resonant frequency of the 
patch element decreases and reflection loss increases. 
B. Circular slots in centre and along length with three pin 
diodes 
As in the case of rectangular slots, a similar design has also 
been proposed using circular slot configurations embedded on 
the patch element designed in the X-band frequency range.  
Three PIN diodes as shown in Figure 5 have been 
incorporated on the structure to observe the effect of eight 
different states of the PIN diodes. Roger RT/d 5880 dielectric 
substrate has been used and APD 0805-000 PIN diodes have 
been incorporated on the copper patch. The effect of different 
PIN diode states have been observed on the frequency 
switching characteristics of the planar reflectors.  
Figure 6 shows the reflection loss curves for different PIN 
diode states for circular slot configurations. It can be observed 
from Figure 6 that as in the case of rectangular slots, the 
reflection loss and resonant frequency also changes in the case 
of circular slots by varying the state of the PIN diodes. It can 
also be observed from Figure 6 that a minimum reflection loss 
of 0.60 dB occurred at 9.70 GHz in the case of 0-0-0 PIN diode 
state while a maximum reflection loss of 2.50 dB occurred at 
9.15 GHz in the case of 1-1-1 PIN diode state. 
 
 
Figure 5. Unit cell planar reflector with three circular slots and three PIN 
diodes (W = 10mm, L = 9.4mm, R = 2mm) 
 
 
Figure 6. Reflection loss curves for different PIN diode states using circular 
slot configurations 
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Figure 7. Reflection phase curves for different PIN diode states using circular 
slot configurations 
 
However the change in resonant frequency is much lesser 
as compared to the rectangular slots. Moreover the 
phenomenon of symmetric design as described in the 
rectangular slots configurations, also applies in this case. 
Figure 7 shows the reflection phase curves obtained for 
different states of PIN diodes used with circular slot 
configurations.  It can be observed from Figure 7 that only five 
significantly different resonant states can be achieved by using 
eight combinations of the PIN diode states. This is again due to 
the phenomenon of symmetric design configuration as 
explained in rectangular slot case. However in this case the five 
different states are not as significantly visible as in the case of 
rectangular slots because of a very little variation in the 
resonant frequency by changing the PIN diode states. 
III. CONCLUSION 
Multi-state frequency switching using different operation 
state of PIN diodes has been demonstrated for different slotted 
patch element configurations. The use of multiple diodes with 
one resonant element provides the feasibility to switch the 
frequency at more than two different points. Moreover the 
frequency tunability also depends on the type of slot 
configuration and its effect on the electric field intensity as 
well as surface current distributions on the patch elements. In 
future the periodic reflectarray antenna with progressive phase 
distribution using the proposed reflector can be designed by 
varying either the dimensions of the slots or the resonant patch 
elements. The high performance beam switching reflectarray 
antennas can be used in space and extra terrestrial applications. 
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